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ABSTRACT 
 
This study was conducted to estimate the magnitude of heterosis and combining 
abilities (general and specific) for forage yield and quality characters of forage sorghum 
[Sorghum bicolor (L.) Moench]. Five exotic cytoplasmic male sterile lines of forage 
sorghum were crossed with 11 fertile local inbred lines, as testers, to produce 55 F1-hybrids. 
Both parental lines and their F1-hybrids were field-evaluated for yield and quality traits at 
four environments. These environments were Shambat summer 2007, Shambat winter 2007, 
Ed-Duiem summer 2008 and Ed-Duiem winter 2008. The magnitudes of mid-parent 
(MPH%), better-parent (BPH%) and standard (STH%) heterosis were estimated. Also, line 
× tester analysis was performed to estimate general (GCA) and specific (SCA) combining 
abilities among parental lines as well as F1-hybrids. The results revealed high estimates of 
heterosis for forage fresh and dry yields. The predominance of additive gene effect was high 
for forage fresh and dry yields, whereas there was predominance of non-additive gene effect 
for most of the quality traits. For forage fresh and dry yields, the testers exhibited higher 
contribution to the GCA variance than the lines. The best general combiners for forage yield 
were Aklamoi and Kambal among testers and Atlas and E.Sumac among lines. Lines 
E.Sumac and Blue Ribbon and testers Wad Ahmed and S.42ANK were the best general 
combiners for forage quality traits. The highest SCA effect for forage yield was given by the 
hybrid E.Sumac x Aklamoi. Therefore, based on the GCA results, it is concluded that the 
most suitable parental lines for improving forage yield are Aklamoi and Kambal among 
testers and E.Sumac and Atlas among lines. However, Wad Ahmed and S.42ANK from 
testers and E.Sumac and Blue Ribbon from lines are the most appropriate ones for 
improving forage quality. 
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INTRODUCTION 
  
Sudan has a great potential for animal production and ranks first in the Arab World in 
livestock population. Its livestock population is estimated to be around 140 million heads 
(MOARF 2006) and is playing a pivotal role in the economy, contributing 22% to total GDP 
and providing livelihoods for many people. Most livestock producers need a high quantity 
of good quality forage during the mid to late summer and winter months. Forge/fodder 
production is a major limiting factor for livestock production in Sudan. The total available 
forages for animals in the Sudan are estimated to be about 86 million tons of dry matter 
(Abuswar and Darrag, 2002). Abuswar and Darrag (2002) reported that the green forage 
production in the northern states (0.5 million tons), the central states (1.25 million tons) and 
the eastern and Khartoum states (2.75 million tons). According to the statistical records of 
the Ministry of Agriculture and Animal Wealth for the years 2008-2009, the estimates of 
production for the year 2009 (4.2 million tons) is well behind the need for forage estimated 
for the same period (8 million tons) pointing to a fodder gap of about 48%.Sorghum 
[Sorghum bicolor (L.) Moench] is the fifth most important cereal grain crop. It originated is 
the wired east Africa and is the staple food for millions of poor people in semi-arid tropics 
of Africa and Asia (Haussmann et al., 2002). It has gained importance as fodder (green/ dry) 
and feed crop in the last decade. The sorghum stover constitutes the bulk of animal feed in 
Sudan. It is important to increase the forage sorghum yield to meet the growing demand, 
due to expanding livestock population. Sorghum (mainly the traditional cultivar ‘Abu 
Sabein’) is the most widely grown forage sorghum cultivar; however, it suffers from low 
quality. In addition, the local production system (cut and carry) favors high yields at the 
expense of the feeding value. Considering the unique role of forage sorghum in sustaining 
the animal wealth of the country, it seems unrealistic to depend upon Abu Sabein as the sole 
forage sorghum type in the Sudan. Up to the year 2004, attempts to develop local forage 
sorghum hybrids were limited or lacking in the country (Mohammed, 2004). Many 
introduced hybrids were tested and released by the Agricultural Research Corporation 
(ARC). Although these hybrids are good forage yielders, the farmer’s preference was, 
however, in favor of the traditional cultivar Abu Sabein. The choice for locally developed 
hybrids was, therefore, thought crucial in resolving problems pertaining to the poor adoption 
of introduced hybrids. This has been investigated by Mohammed (2004). The reasons 
behind the limited adoption of exotic hybrids relate mostly to their unsuitability to the local 
production system and high cost and unavailability of their seed supply. The possibility of 
developing local forage sorghum hybrids, using local stocks as males and introduced genetic 
stocks as females, has been demonstrated by Mohammed (2004). Estimation of combining 
ability and heterosis studies are prerequisites for any hybrid breeding program. Virmani 
(1994) pointed out that combining ability is one of four  methods used by breeders to 
identify parents with good heterotic combinations. Exploitation of heterosis is a well 
documented method to increase productivity in many crops. Therefore, estimation of 
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heterosis and combining ability and study of inheritance of the different traits that contribute 
to forage yield improvement are of great importance to the development of sorghum 
hybrids. The objectives of this study were to estimate the magnitude of heterosis for forage 
yield and quality characters that could be used for improving forage sorghum, identify 
parental lines showing high general combining ability (GCA) and cross combinations with 
high specific combing ability (SCA) and to quantify or determine the gene effects that 
control yield and quality traits of forage sorghum. 
 
MATERIALS AND METHODS 
 
The plant material  
Five exotic cytoplasm male sterile lines (in A3 cytoplasm) of sorghums were 
provided by Dr. Maarouf, I. Mohammed of ARC. These lines were originally obtained from 
USA and maintained at Shambat Research Station (ARC).The five females were: Fremont, 
Colman, Atlas, E.Sumac and Blue Ribbon (Table 1) and the eleven male parents (testers) 
consisted of 3 major local sorghum types, classified as follows: Forage sorghum, 
represented by the Garawi forage type of Sudan grass [Sorghum sudanense (Piper) stapf] 
included S. (32-2A) SG and S. 34 SG (forage sorghum lines), Ankolib, the local sweet 
sorghum cultivar grown mainly for chewing represented by S.42 ANK (a sweet sorghum 
line), and Kambal [a released forage cultivar selected from Abu Sabein (Mohammed et al., 
2008)]. All of these forage types were developed by Maarouf 1. Mohammed of the ARC. 
Dual purpose (grain/ forage sorghum), represented by Aklamoi, (a dual-purpose sorghum 
type preferred by farmers in eastern Sudan). Grain sorghum, represented by Wad Ahmed, 
Gadam Elhamam, Arfa Gadamak, Boda Red, Aross Elrimal and Geshash.  
 
Description of the experiment 
A field experiment was carried out during two consecutive years, at  two different 
locations; namely, the Demonstration Farm, Faculty of Agriculture- University of 
Khartoum, Shambat (Latitude 15
o
75' North, Longitude 32
o
72' East, and 380m above sea 
level), and the Demonstration Farm, Faculty of Agriculture and Natural Resources-
University of Bakht El-Ruda, Ed-Duiem (White Nile State) (200 km South of Khartoum) 
(Latitude 13
o
 59' North, Longitude. 33
o
15' East, 387m above sea level). 
 
Seasons and years 
The genotypes (the sixteen parental lines, their F1-hybrids and the introduced check 
hybrid, ‘Pannar 888’) were grown in four environments. The environments were two 
locations; namely, Shambat (Latitude 15
o
75' North, Longitude 32
o
72' East, and 380m above 
sea level), and Ed-Duiem (White Nile State) (Latitude 13
o
 59' North, Longitude. 33
o
15' 
East, 387m above sea level), and two seasons (summer and winter) in two years (2007 and 
2008). These four environments were arranged as follows: Shambat-summer season-year 
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2007 (SHS07), Shambat-winter season-year 2007 (SHW07), Ed-Duiem-summer season-
year 2008 (EDS08), and Ed-Duiem-winter season-year 2008 (EDW08). 
 
Layout of experiment 
The 55 hybrids, their 16 parents and the introduced check hybrid, ‘Pannar 888’, were 
arranged in RCBD design with three replicates at the four environments (SHS07, SHW07, 
EDS08 and EDW08). 
 
Cultural practices 
Each genotype was grown in three ridges; each ridge was 4 m in length. Four to five 
seeds were sown in holes spaced at 20cm on the top of the ridge.  After emergence, the 
plants were thinned to three plants per hole. Subsequent irrigation was applied at intervals of 
seven to ten days according to the weather conditions; however, some sporadic rains were 
recorded at Shambat and Ed-Duiem during summer sowings. Two hand weedings were 
made, one after thinning and the second 30 days after sowing. Nitrogen fertilizer (urea 
46%N) was applied in one dose of 128 kg/ha after thinning. Harvesting was carried out after 
each entry had reached 50% flowering. 
 
Data collection and assessment 
At each site and environment, data were collected on forage yield and quality traits. 
At harvest, different plant characters were measured, which included fresh yield (FY) 
(tons/ha), dry yield (DY), (tons/ha) crude protein (CP) (%), N- free ether extracts (E.E) (%), 
ash content (ASH) (%) and crude fiber (CF) (%). 
 
Statistical analysis 
The data on:  parental inbred lines, the F1-hybrids and the check hybrid (Pannar 888) 
were subjected to different statistical analyses and procedures using the computer program 
Gen Stat (2011). The data from each environment were subjected to ANOVA separately to 
detect the significance of genotypic differences (Gomez and Gomez 1984) before a 
combined ANOVA. Combining ability analysis was carried out according to Singh and 
Chaudhary (1979) based on line× tester general liner model for combined environments. 
 
Estimation of heterosis 
Heterosis estimates were worked out following Singh and Narayanan (1993) as 
follows:  
- Mid-parent Heterosis = [(F1 - MP)/MP] x 100  
 where F1 is the mean value of a hybrid and MP is the mean value of the two parents 
produced that hybrid.  
- Better-parent Heterosis = [(F1 - BP)/BP] x 100  
where BP is the mean value of the better parent of the particular hybrid.  
Standard Heterosis: Estimated over standard commercial hybrid (SH) as follows:  
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[(F1-SH)/SH] x 100  
where SH is the mean value of the standard commercial hybrid ‘Pannar 888’.  
 
General and specific combining abilities 
Combining ability from line x tester analysis of variance (Kempthorne, 1957) was 
carried out for the pooled data of the four environments for all traits. The check, ‘Pannar 
888’, was not included in this analysis. The hybrids (crosses) mean squares were partitioned 
into variances due to testers (δ2t) and lines (δ2ι) and due to interaction between lines and 
testers (δ2ιt). The estimates of genotypic variances of testers and lines are equivalent to 
variance due to their GCA, and that of their interaction is equivalent to variance due to 
SCA. GCA and SCA effects were determined for each trait as follows: 
 Lines GCA (line) = gl = 
ltr
X
tr
Xl
  
Testers: GCA (tester) = gt = 
ltr
X
lr
Xl
  
Estimation of SCA (line × tester) effects =  
            Sij =  
ltr
X
tr
Xi
tr
Xi
r
Xij ......
  
where  
i = number of lines  
 t = number of testers    
 r = number of replications  
Standard errors (S.E.) for GCA and SCA combining ability effects were calculated as 
follows: 
S.E. (GCA for line)   = (Me/r x t) ½ 
S.E. (GCA for tester) = (Me /r x L) ½  
S.E. (SCA effects) = (Me /r) ½ 
S.E. (gi-gj) line = (2Me /r × t) ½  
S.E. (gi-gj) tester = (2Me / L × r) ½ 
S.E. (sij-ski) = (2Me /r) ½ 
where,  
Me, r, L, t = error mean square, replicates, lines, and testers, respectively 
Percentage contribution of variation in GCA for lines and testers and SCA to the total 
variation among hybrids was estimated as  
Contribution of lines  =     100
)(   
)(   

crossessquaresofsum
linessquaresofsum
   
Contribution of testers  = 100
)(   
)(   

crossessquaresofsum
testressquaresofsum
 
Contribution of lines  testers = 100
)(   
)(   


crossessquaresofsum
testreslinessquaresofsum
 
The statistical package Agrobase GII (2008) was used to run the analysis of GCA and SCA 
estimates. 
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RESULTS AND DISCUSSION 
 
The results showed that heterosis estimates for most of the hybrids had positive mid-
parents (MP%) and batter parent (BP%)  heterosis value for the yield and most of the 
quality traits. However, a large number of hybrids showed superiority over their parents for 
various traits indicating the existence of the substantial heterosis in the hybrids and the 
potential of these inbred lines for hybrid development. However, the ranges of heterotic 
responses obtained in this study were on average higher than that reported by Mohammed 
and Nuha (2008) for sorghum inbred lines. However, Mohammed (2004) recorded higher 
fresh and dry yield of MP and BP of 46% and 25%, respectively, compared to 47% and 
36%, obtained in this study. The extent of heterotic response of the F1 hybrids largely 
depends on the breeding value and genetic diversity of the parents included in crosses, and 
on the environmental conditions under which hybrids are grown (Poehlman, 1987: 
Mohammed, 2004 and Mohammed and Nuha, 2008). 
The mean squares due to lines were larger than due to testers (Table1), indicating 
greater diversity among lines for most of the characters under study. Most of parental lines 
related to Aklamoi and few of the Kambal revealed positive GCA (Table 2). Nevertheless, 
parental lines Atlas and E.Sumac were found most attractive general combiners. These 
parental lines can be desirable parents for hybrids as well as for inclusion in breeding 
program, since they may contribute favourable alleles in the synthesis of new varieties. 
Among the testers, the highest GCA values for fresh and dry yield (kg/ha) was revealed by 
testers Alamo and Kimball. These results indicated that these inbred lines (Alamo and 
Kimball) could be considered as good combiners for improving these traits. On the other 
hand, the analysis of variance for combining ability revealed that both GCA and SCA 
variances were highly significant for the characters studied (Table 2), indicating the additive 
as well as non-additive types of gene action in controlling the traits. Furthermore, variances 
due to GCA were higher in magnitude than SCA for fresh yield, dry yield, cp and ash (Table 
2) indicating importance of type of gene action for these traits. Similar findings were 
reported by Mohammed (2004) and Mohammed and Nuha (2008). On the other hand, E.E 
and CF yield kg/ha only SCA variance was significant indicating the involvement of non-
additive effect (Table 3). This is in disagreement of the findings of Mohammed (1993) and 
Dehghanapour et al. (1997). Furthermore, in the  present studies, the hybrids differed widely 
and estimate of SCA effects showed that the hybrids  Fremont x Geshash and E.Sumac x 
Aklamoi were  significantly superior to others in their specific combining ability for fresh 
and dry yield (kg/ha) and quality traits (Table 3). These crosses could be selected and used 
in breeding programme for improving these traits. Table 4 indicates that the value of 
additive gene effects was higher for fresh and dry yield, while the value of dominance gene 
effects was higher for E.E., Ash and CF, indicating differences in gene effect for the the 
different traits, which will have different breeding implications  
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CONCLUSIONS 
 
It can be concluded that there is high positive heterosis for forage yield and quality 
traits in more than half of the hybrids studied. Therefore, the hybrids could be selected and 
used in breeding programmes for improving these traits. Both general combining ability and 
specific combining ability variances are highly significant for the studied characters 
indicating the importance of additive as well as non-additive types of gene action in 
controlling these traits. Bothe general combining ability and specific combining ability 
variances are highly significant for the studied characters indicating the importance of 
additive as well as non-additive types of gene action in controlling these traits. Moreover, 
variances due to SCA are higher in magnitude than GCA for  the yield and quality traits. 
 
 
 
 
Table 1. Mean squares from analysis of variance for mid-parent heterosis of yield, some 
growth and quality traits in the 55 F1-hybrids of forage sorghum, evaluated across 
four environments (SHS07, SHW07, EDS08 and EDW08) –Sudan 
Trait Environment Genotype Error 
Fresh yield (t/ha) 57816.8** 1751.5** 627.9 
Dry yield  (t/ha) 44067.1** 1493.2** 567.6 
Plant height (cm) 26404.0** 1105.7** 102.2 
Days to 50% flowering (days) 368.0
NS
 26.2** 11.8 
No. of leaves per plant 946.9
NS
 234.0** 83.2 
No. of tillers per plant 56343.5
NS
 10808.0** 3421.0 
Stem diameter (cm) 8590.7
NS
 538.9** 290.1 
Leaf area  per plant (cm)
2
 9481.4
NS
 981.7** 500.0 
Leaf area index 10119.0
NS
 1752.9** 863.0 
Leaf to shoot ratio (%) 6210.1* 451.7** 315.2 
Crude protein (CP) 4.2 
NS
 13.7** 1.7 
Ether extract (E.E) 41.6** 0.3** 0.03 
Ash content (ASH) (%) 1.2
NS
 16.9** 1.4 
Crude fiber (CF) 12.5
NS
 285.1** 15.2 
 *, ** Significant at P = 0.05 and P = 0.01, respectively ,    NS = non-significant 
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Table 2. Means of mid-parent (MPH), better-parent (BPH) and standard check (STH) heterosis of yield and some growth and quality traits exhibited by 55 
F1-hybrids of forage sorghum, evaluated across four environments (SHS07, SHW07, EDS08 and EDW08)-Sudan        
 
No. 
 
Hybrids 
Fresh yield(t/ha) Dry yield  (t/ha) Plant height (cm) 
Days to 50% 
flowering(days) 
No. of leaves per plant 
MPH BPH STH MPH BPH STH MPH BPH STH MPH BPH STH MPH BPH STH 
17 Fremont x Wad Ahmed   50** 33** 28* 47** 37** 29** 40** 26** 3 
NS
 1 
NS
 -7** -12** 21** 21** 7** 
18 Fremont x Arfa Gadamak 55** 52** 17* 52** 50** 17* 47** 40** 14** 2 
NS
 -5** -12** 25** 25** 11** 
19 Fremont x A Klamoi  53** 30** 37** 50** 32** 35** 37** 29** 19** 3* -6** -9** 16** 11** 8** 
20 Fremont x Aross Elrimal 65** 65** 22* 64** 64** 23* 19** 18** -4 
NS
 6** 0 
NS
 -8** 22** 22** 8** 
21  Geshash  Fremont x 89** 83** 36** 87** 80** 38** 37** 29** 6* -1 
NS
 -8** -13** 21** 21** 7** 
22 Fremont x  S.(32–2A)SG 40** 14* 33** 42** 13* 31** 13** 1 NS 5* -1 NS -9** -12** 16** 11** 8** 
23 Fremont x S.34SG 42** 13* 42** 44** 15* 40** 15** 2 
NS
 6* 3* -5** -9** 11** 2 
NS
 8** 
24 Fremont x S.42ANK 53** 28** 41** 52** 27** 43** 28** 18** 14** 4** -3* -9** 23** 17** 14** 
25 Fremont x Kambal  48** 19* 44** 47** 17* 40** 18** 7** 7* 3* -4** -11** 18** 13** 10** 
26 Fremont x Gadam Elhamam  53** 41** 24* 50** 43** 28** 40** 30** 6* 4** -2 
NS
 -11** 21** 21** 7** 
27 Fremont x Boda Red  72** 60** 37** 75** 61** 35** 35** 30** 6* 4** -3* -9** 26** 26** 12** 
28 Colman x Wad Ahmed   43** 41** 40** 42** 40** 42** 47** 33** 9* -2 
NS
 -4** -10** 14** 9** 6** 
29 Colman x Arfa Gadamak  44** 28** 27** 43** 27** 29** 29** 22** 0 
NS
 -1 
NS
 -2 
NS
 -10** 14** 9** 6** 
30 Colman x Aklamoi 37** 34** 40** 35** 33** 41** 39** 31** 21** -1 
NS
 -5** -8** 16** 16** 13** 
31 Colman x Aross Elrimal 55** 35** 34** 54** 33** 35** 28** 26** 3 
NS
 0 
NS
 -1 
NS
 -9** 25** 20** 17** 
32 Colman x Geshash 58** 34** 33** 57** 33** 30** 36** 28** 5* -1 
NS
 -3* -9** 22** 16** 13** 
*, ** Significant at P = 0.05 and P = 0.01, respectively , NS = non Significant 
8
3
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Table 2.  (Cont.)        
No. Hybrids 
Fresh yield(t/ha) Dry yield  (t/ha) Plant height (cm) 
Days to 50% 
flowering(days) 
No. of leaves per plant 
MPH BPH STH MPH BPH STH MPH BPH STH MPH BPH STH MPH BPH STH 
33 Colman x S.(32–2A)SG 29** 19* 39** 27** 20* 41** 25** 12** 16** 2 NS -2 NS -5** 24** 24** 20** 
34 Colman x S.34SG 34** 20* 50** 36** 22* 51** 23** 10** 15** 1 
NS
 -2 
NS
 -6** 12** 8** 14** 
35 Colman x S.42ANK 41** 34** 47** 40** 33** 45** 33** 22** 18** 2 
NS
 0 
NS
 -6** 10** 10** 7** 
36 Colman x Kambal 39** 27** 52** 38** 26** 53** 21** 9* 10** -1 
NS
 -3* -10** 16** 16** 13** 
37 Colman x Gadam 
Elhamam 
56** 47** 46** 55** 46** 48** 50** 38** 13** 3* 2 
NS
 -7** 18** 13** 10** 
38 Colman x Boda Red 41** 32** 30** 43** 31** 31** 34** 29** 6* -1 
NS
 -3* -9** 18** 13** 10** 
39 Atlas x  Wad Ahmed   49** 46** 48** 50** 47** 49** 39** 25** 3 
NS
 -2 
NS
 -4** -10** 22** 16** 13** 
40 Atlas x Arfa Gadamak 48** 30** 32** 46** 31** 33** 36** 29** 6* -2 
NS
 -4** -11** 16** 11** 8** 
41 Atlas x A Klamoi 47** 44** 51** 49** 42** 52** 42** 34** 24** -1 
NS
 -4** -7** 16** 16** 13** 
42 Atlas x  Aross Elrimal 55** 34** 37** 56** 35** 35** 30** 28** 5* -1 
NS
 -3* -10** 22** 16** 13** 
43 Geshash Atlas x   62** 36** 38** 60** 37** 36** 33** 25** 2 
NS
 1 
NS
 -2 
NS
 -7** 24** 18** 15** 
44 Atlas x S.(32–2A)SG 43** 34** 55** 42** 33** 52** 21** 8* 12** -2 NS -6 ** -9** 17** 17** 14** 
45 Atlas x  S.34SG 32** 19* 50** 34** 20* 50** 22** 9* 13** -1 
NS
 -4** -8** 16** 11** 18** 
46 S.42ANK Atlas x  36** 31** 44** 32** 36** 46** 21** 12** 8* 0 
NS
 -3* -8** 14** 14** 11** 
47 Atlas x  Kambal    41** 30** 56** 45** 34** 53** 19** 8* 8* -2 
NS
 -3* -10** 17** 17** 14** 
48 Atlas x Gadam Elhamam 54** 44** 47** 58** 41** 43** 37** 26** 4 
NS
 1 
NS
 0 
NS
 -9** 22** 16** 13** 
49 Atlas x  Boda Red 49** 37** 40** 47** 42** 48** 39** 33** 10** -2 
NS
 -5** -10** 20** 15** `12** 
*, ** Significant at P = 0.05 and P = 0.01, respectively,   NS = non Significant 
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Table 2. (Cont.)   
 
No. 
       
                 Hybrids 
 
Fresh yield (t/ha) 
 
Dry yield  (t/ha) 
 
Plant height (cm) 
 
Days to 50% 
flowering    (days) 
 
No. of leaves per 
plant 
MPH BPH STH MPH BPH STH MPH BPH STH MPH BPH STH MPH BPH STH 
50 E . Sumac x Wad Ahmed   47** 46** 42** 45** 48** 40** 42** 33** 1 
NS
 -1 
NS
 -2 
NS
 -7** 17** 17** 4 * 
51 E.Sumac x Arfa Gadamak 64** 48** 42** 66** 46** 44** 42** 40** 6* -2 
NS
 -2 
NS
 -9** 22** 22** 8** 
52 E . Sumac x Aklamoi  66** 58** 69** 65** 56** 68** 32** 21** 12** -2 
NS
 -5** -7** 17** 12** 9** 
53 E . Sumac x Aross Elrimal 33** 18* 13 
NS
 40** 25* 18* 32** 30** 3 
NS
 -2 
NS
 -2 
NS
 -9** 21** 21** 7** 
54 Geshash E . Sumac x 64** 41** 35** 60** 38** 31** 42** 39** 5* -1 
NS
 -2 
NS
 -7** 18** 18** 4* 
55 E.Sumac x  S.(32 – 2A) SG 35** 23* 43** 34** 22* 45** 26** 9* 13** -1 NS -3* -6** 17** 12** 9** 
56 E . Sumac x S.34 SG 33** 17* 47** 30** 19* 45** 23** 6* 10** -3* -5** -9** 20** 10** 17** 
57 E . Sumac x S.42ANK 35** 26** 39** 38** 28** 37** 26** 13** 9* -2 
NS
 -3* -9** 24** 18** 15** 
58 E . Sumac x Kambal  54** 38** 66** 50** 34** 63** 24** 9* 9* -2 
NS
 -2 
NS
 -9** 18** 13** 10** 
59 E .Sumac x Gadam Elhamam  44** 38** 32** 42** 35** 33** 42** 36** 3 
NS
 -1 
NS
 -2 
NS
 -9** 23** 23** 9** 
60 E . Sumac x  Boda Red  51** 43** 37** 50** 42** 36** 37** 37** 4 
NS
 -4** -5** -10** 23** 23** 9** 
*, ** Significant at P = 0.05 and P = 0.01, respectively, NS = non Significant 
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Table 2. (Cont.)   
No.                        Hybrids Fresh yield (t/ha) Dry yield  (t/ha) Plant height (cm) Days to 50% 
flowering    (days) 
No. of leaves per plant 
MPH BPH STH MPH BPH STH MPH BPH STH MP
H 
BPH STH MPH BPH STH 
61 BlueRibbon x Wad Ahmed   48** 47** 42** 45** 48** 40** 35** 16** 6* -2 
NS
 -3* -9** 12** 3 
NS
 9** 
62 BlueRibbon x Arfa Gadamak  54** 40** 33** 58** 37** 35** 24** 12** 3 
NS
 -3* -3* -10** 15** 6** 12** 
63 BlueRibbon x Aklamoi 47** 40** 47** 51** 43** 45** 34** 33** 23** -2 
NS
 -5** -7** 16** 11** 18** 
64 BlueRibbon x Aross Elrimal 59** 41** 34** 55** 38** 37** 19** 11** 1 
NS
 2 
NS
 2 
NS
 -6** 20** 10** 17** 
65 BlueRibbon x Geshash 67** 44** 37** 62** 41** 35** 28** 15** 5* -2 
NS
 -3* -9** 14** 4** 11** 
66 BlueRibbon x S.(32 -2A) SG 33** 21* 41** 30** 18* 43** 15** 8* 12** -4** -6** -9** 11** 7** 13** 
67 BlueRibbon x S.34 SG 34** 18* 47** 36** 20* 49** 26** 18** 23** 0 
NS
 -2 
NS
 -6** 7** 7** 13** 
68 BlueRibbon x S.42ANK 44** 34** 47** 46** 30** 45** 17** 14** 10** -2 
NS
 -3* -9** 10** 5** 12** 
69 BlueRibbon x Kamabal 46** 30** 57** 43** 33** 53** 15** 10** 10** 2 
NS
 2 
NS
 -6** 10** 6** 12** 
70 BlueRibbon x Gadam Elhamam  50** 44** 37** 47** 40** 39** 37** 20** 10** 1 
NS
 0 
NS
 -7** 19** 9** 16** 
71         BlueRibbon x Boda Red 38** 31** 24* 35** 33** 27** 31** 19** 9* -2 
NS
 -3* -9** 15** 5** 12** 
Mean  48.3 36 40.0 46.9 34.4 39.3 30.5 21.4 8.8 -0.3 -3.1 -8.8 17.9 14.0 11.2 
Range  29-89 13-83 13-66 27-87 13-80 17-68 13-50 1-40 -4-24 -4-6 -9-2 -13--5 7-26 2-26 4-20 
  *, ** Significant at P = 0.05 and P = 0.01, respectively,   NS = non-significant 
 
1
2
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Table 2. (Cont.)  
No. Hybrids 
Crude protein (CP) (%) 
N-free ether extracts 
(E.E) (%) 
Ash content (ASH) (%) Crude fiber (CF) (%) 
MPH BPH STH MPH BPH STH MPH BPH STH MPH BPH STH 
17 Fremont x Wad Ahmed   50** 43** 59** -13** -25** -40** -7** -14** -9** 40** 20** 52** 
18 Fremont x Arfa Gadamak 17* 10 
NS
 27** 1 NS -20** -20** 18** 16** 5** 33** 27** 26** 
19 Fremont x A Klamoi  15* 14* 15* 18** -7** -7** -11** -15** -16** -7** -9** -14** 
20 Fremont x Aross Elrimal 21* 10 
NS
 35** -3* -21** -27** -14** -25** -8** 36** 21** 41** 
21 Geshash Fremont x 53** 38** 39** 21** -6** 0 
NS
 7** 1 
NS
 3* 4 
NS
 -6* 7** 
22 Fremont x  S.(32 – 2A) SG 6 NS 4 NS 6 NS 15** -7** -13** -8** -17** -7** 32** 16** 40** 
23 Fremont x S.34 SG 31** 24** 25** 21** -6** 0 
NS
 -5* -14** -4* 8** 3 
NS
 2 
NS
 
24 Fremont x S.42  ANK 6 
NS
 -3 
NS
 20** 18** -7** -7** 5* -9** 13** -5* -13** -5* 
25 Fremont x Kambal  23** 15* 17* 15** -7** -13** 8** 3* 4* 23** 23** 13** 
26 Fremont x Gadam Elhamam  33** 28** 41** 41** 14** 7** -14** -21** -14** 12** 6* 8** 
27 Fremont x Boda Red  10 
NS
 1 
NS
 21* 10** -13** -13** -4* -17** 4* 5* -2  
NS
 2 
NS
 
28 Colman x Wad Ahmed   1 
NS
 0 
NS
 11* -2* -4* -20** -11** -13** -8** -2 
NS
 -8** 17** 
29 Colman x Arfa Gadamak  21** 18** 37** 24** 13** 13** 24** 16** 17** 6* 0 
NS
 12** 
30 Colman x Aklamoi 32** 26** 38** 9** 0 
NS
 0 
NS
 24** 22** 24** 13** 5* 17** 
31 Colman x Aross Elrimal 10 
NS
 5 
NS
 28** -9** -14** -20** 13** 3* 26** 32** 30** 51** 
32 Colman x Geshash 16* 0 
NS
 10 
NS
 5** -6** 0 
NS
 23** 23** 25** 0 
NS
 -1 
NS
 14** 
33 Colman x S.(32 – 2A) SG 11NS 5 NS 15* -9** -14** -20** -2* -7** 5* 11** 7** 29** 
34 Colman x S.34  SG 13* 3 
NS
 13* 5** -6** 0 
NS
 28** 22** 37** 1 
NS
 -5* 7** 
35 Colman x S.42  ANK -10 
NS
 -15* 6 
NS
 9** 0 
NS
 0 
NS
 15** 4* 30** 12** 10** 23** 
36 Colman x Kambal 19** 8 
NS
 18** 21** 14** 7** 6* 6* 8** 13** 3 
NS
 15** 
37 Colman x Gadam Elhamam -13* -13* -4 
NS
 6** 0 
NS
 -7** 27** 23** 33** 18** 12** 25** 
38 Colman x Boda Red 3 
NS
 -1 
NS
 18** -5** -13** -13** -5* -14** 8** -2 
NS
 -5* 6* 
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Table 2. (Cond.)  
No. Hybrids 
Crude protein (CP) (%) N-free ether extracts(E.E)(%) Ash content (ASH) (%) 
Crude fiber (CF) (%) 
 
MPH BPH STH MPH BPH STH MPH BPH STH MPH BPH STH 
39 Atlas x  Wad Ahmed   18** 13* 25** 37** 17** -7** 18** 16** 22** -5* 2 
NS
 13** 
40 Atlas x Arfa Gadamak 21** 13* 31** 19** -7** -7** 22** 14** 16** 9** 4 
NS
 14** 
41 Atlas x A Klamoi 16* 15* 17* 11** -13** -13** 24** 22** 24** 15** 7** 18** 
42 Atlas x  Aross Elrimal -16* -23** -6 
NS
 42** 14** 7** 18** 8** 32** 4 
NS
 1 
NS
 18** 
43 Geshash Atlas x   24** 11* 13* 22** -6** 0 
NS
 19** 19** 21** 8** 6* 22** 
44 Atlas x S.(32 – 2A) SG 25** 24** 25** -11** -29** -33** 1 NS -5* 8** 6* 2 NS 22** 
45 Atlas x  S.34  SG 0 
NS
 -6 
NS
 -4 
NS
 22** -6** 0 
NS
 -1 
NS
 -6* 5* 14** 8** 19** 
46 S.42  ANK Atlas x  0 
NS
 -9 
NS
 13* 36** 7** 7** -1 
NS
 -11** 12** 30** 29** 42** 
47 Atlas x  Kambal    26** 18** 20** 33** 7** 0 
NS
 9** 9** 11** 10** 1 
NS
 11** 
48 Atlas x Gadam Elhamam -11* -14* -6 
NS
 16** -7** -13** 8** 5* 13** 6* 2 
NS
 12** 
49 Atlas x  Boda Red -6 
NS
 -13* 4 
NS
 45** 13** 13** 7** -3* 21** 4 
NS
 1 
NS
 12** 
50 E . Sumac x Wad Ahmed   12* 11* 24** 24** 16** 7** 14** 9** 14** 2 
NS
 -3 
NS
 23** 
51 E.Sumac x Arfa Gadamak -16* -18** -6 
NS
 -3* -7** -7** 13** 8** 4* 14** 6* 23** 
52 E . Sumac x Aklamoi  7 
NS
 3 
NS
 13* 4* 0 
NS
 0 
NS
 30** 28** 26** 0 
NS
 -9** 5* 
53 E . Sumac x Aross Elrimal -1 
NS
 -6 
NS
 15* 8** 7** 0 
NS
 1 
NS
 -10** 11** 14** 14** 32** 
54 Geshash E . Sumac x 39** 21** 32** -6** -13** -7** 19** 16** 17** 3 
NS
 3 
NS
 19** 
55 E .Sumac x  S.(32 – 2A)SG 14* 8 NS 18** 1 NS 0 NS -7** 27** 17** 33** 20** 18** 42** 
56 E . Sumac x S.34 SG 14* 4 
NS
 14* -6** -13** -7** 28** 19** 33** 0 
NS
 -7** 8** 
57 E . Sumac x S.42ANK -2 
NS
 -8 
NS
 14* 11** 7** 7** 13** 0 
NS
 25** 20** 17** 36** 
58 E . Sumac x Kambal  26** 14* 25** 8** 7** 0 
NS
 5* 3* 4* 41** 26** 47** 
59 E .Sumac x Gadam Elhamam  10 
NS
 10 
NS
 21** 8** 7** 0 
NS
 10** 4* 12** 0 
NS
 -6* 9** 
60 E . Sumac x  Boda Red  -7 
NS
 -11* 7 
NS
 4* 0 
NS
 0 
NS
 13** 0 
NS
 25** -10** -15** -1 
NS
 
 
 
 
 
U. of K.  Graduate College and Scientific Research.  The 5th Annual Conference - Agricultural and Veterinary Research - February 2014, Khartoum, Sudan, Conference Proceedings – Volume One 
 
14 
 
Table 2. (Cont.)  
No. Hybrids Crude protein (CP) (%) 
N-free ether extracts (E.E) 
(%) Ash content (ASH) (%) 
Crude fiber (CF) (%) 
 
MPH BPH STH MPH BPH STH MPH BPH STH MPH BPH STH 
61 Blue Ribbon x Wad Ahmed   25** 19** 32** 20** 8** -13** 23** 15** 21** 32** 22** 55** 
62 Blue Ribbon x Arfa Gadamak  25** 17* 35** 14** -7** -7** 53** 50** 38** -6* -10** -3 
NS
 
63 Blue Ribbon x Aklamoi 37** 36** 38** 22** 0 
NS
 0 
NS
 24** 20** 18** 33** 25** 35** 
64 Blue Ribbon x Aross Elrimal 7 
NS
 -2 
NS
 20** 10** -7** -13** 17** 2* 25** -30** -32** -21** 
65 Blue Ribbon x Geshash 61** 44** 46** 17** -6** 0 
NS
 54** 47** 49** -16** -18** -6* 
66 Blue Ribbon x S.(32 -2A)SG 17* 15* 17* 19** 0 
NS
 -7** 41** 28** 45** -26** -30** -16** 
67 Blue Ribbon x S.34SG 25** 18** 20** 17** -6** 0 
NS
 39** 27** 42** 15** 10** 19** 
68 Blue Ribbon x S.42ANK 40** 27** 58** 22** 0 
NS
 0 
NS
 38** 20** 50** -23** -24** -16** 
69 Blue Ribbon x Kamabal 60** 50** 52** 27** 7** 0 
NS
 33** 27** 29** 8** 0 
NS
 8** 
70 Blue Ribbon x Gadam Elhamam  29** 24** 37** 27** 7** 0 
NS
 24** 15** 24** 37** 33** 44** 
71 Blue Ribbon x Boda Red 10 
NS
 1 
NS
 21* 22* 0 
NS
 0 
NS
 13
NS
 -2* 22** -8** -10** -3 
NS
 
Mean 16 10 22 13 -3 -5 14 7 17 9 4 17 
Range 61to -16 50to -23 59to-6 45 to-13 17to-29 13to -40 54to- 14 50to -25 50to -16 41to- 30 33 to-32 55to -21 
*, ** Significant at P = 0.05 and P = 0.01, respectively ,   NS = non-significant 
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Table 3. Average for each common tester for mid-parent (MPH), better-parent (BPH) and standard (STH)  heterosis produced from its five F1-hybrids for 
some yield, growth and quality traits of forage sorghum, across four environments (SHS07, SHW07, EDS08 and EDW08) - Sudan 
           Traits  
 
Testers 
(males)  
Fresh yield (t/ha) Dry yield(t/ha) Plant height (cm) 
Days to 50% 
flowering(days) 
No. of leaves per 
plant 
No. of tillers/plant 
Stem 
diameter  (cm) 
MPH BPH STH MPH BPH STH MPH BPH STH MPH BPH STH MPH BPH STH 
MP
H 
BPH STH 
M
PH 
BP
H 
STH 
Wad Ahmed 47 43 40 45 40 38 41 27 4 -1 -4 -10 17 13 8 56 34 57 -5 -9 -23 
Arfa Gadamak 53 40 30 51 37 32 36 29 6 -1 -3 -10 18 15 9 29 0 56 -5 -7 -27 
Aklamoi 50 41 48 47 39 51 37 30 20 -1 -5 -8 16 13 12 51 37 34 -4 -10 -18 
Aross Elrimal 53 39 28 51 41 28 26 23 2 1 -1 -8 22 18 12 47 32 39 -3 0 -20 
Geshash 68 48 36 65 45 33 35 27 5 -1 -4 -9 20 15 10 13 -17 48 3 -6 -25 
S. (32-2A)SG. 36 22 42 32 24 40 20 8 12 -1 -5 -8 17 14 13 40 14 58 0 -3 -23 
S.34SG. 35 17 47 33 19 50 22 9 13 0 -4 -8 13 8 14 45 34 29 -7 -11 -24 
S.42ANK 42 31 44 40 29 42 25 16 12 0 -2 -8 -3 13 12 61 49 43 -1 -4 -23 
Kambal 46 29 55 42 27 52 19 9 9 0 -2 -9 16 11 12 76 62 52 -11 -17 -24 
Gadam Elhamam 51 43 37 48 40 35 41 30 7 2 0 -9 21 16 11 52 32 54 -2 -6 -20 
Boda Red 50 41 34 48 39 32 35 30 7 -1 -4 -9 20 16 11 35 20 33 -2 -6 -20 
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Table 3. (Cont.)  
 
 Traits  
 
 
 
Testers (males) 
Leaf area per plant 
(cm)2 
Leaf area idex Leaf to shoot ratio (%) 
Crude protein (CP) 
(%) 
N- free ether extracts 
(E.E) (%) 
Ash content (ASH) 
(%) 
Crude fiber (CF) 
(%) 
MPH BPH STH MPH BPH STH MPH BPH STH MPH BPH STH MPH BPH STH MPH BPH STH MPH BPH STH 
Wad Ahmed 48 40 53 65 53 61 -5 -7 3 21 17 30 13.0 2.0 -15.0 7.0 3.0 8.0 13 7 32 
Arfa Gadamak 37 29 29 60 49 37 -11 -12 -2 14 8 25 11.0 -5.6 -6.0 26.0 21.0 16.0 11 5 14 
Aklamoi 39 30 50 59 44 63 -11 -14 -9 21 19 24 13.0 -4.0 -4.0 18.0 16.0 15.0 11 4 12 
Aross Elrimal 43 37 41 67 27 46 -15 -15 -5 4 -3 18 10.0 -4.0 -11.0 7.0 -5.0 17.0 11 7 24 
Geshash 51 36 36 80 57 44 -12 -12 -2 39 23 28 12.0 -8.0 -2.0 25.0 21.0 23.0 0 -3 11 
S. (32-2A)SG. 40 34 36 65 55 49 -7 -13 -6 15 11 16 3.0 -10.0 -16.0 12.0 3.0 17.0 9 3 23 
S.34SG. 43 38 45 58 47 57 -4 -10 -4 17 9 14 12.0 -8.0 -1.4 18.0 10.0 23.0 8 2 11 
S.42ANK 48 40 41 71 60 51 -6 -11 -5 7 -2 22 19.0 1.4 1.4 14.0 0.8 26.0 7 4 16 
Kambal 33 22 47 50 34 58 -10 -15 -9 31 21 26 21.0 5.6 -1.0 12.0 10.0 11.0 19 11 19 
Gadam Elhamam 44 39 45 76 65 58 -12 -14 -4 10 7 18 20.0 4.2 -2.6 11.0 5.2 14.0 15 9 20 
Boda Red 35 23 51 56 42 61 -15 -16 -7 2 -5 14 15.2 -2.6 -3.0 4.8 -7.2 16.0 13 7 32 
 
 
 
 
 
 
9
0 
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Table 3. (Cont.) 
            Traits  
 
Female 
Crude protein (CP) (%) 
N- free ether extracts (E.E) 
(%) 
Ash content (ASH) (%) Crude fiber (CF) (%) 
MPH BPH STH MPH BPH STH MPH BPH STH MPH BPH STH 
Wad Ahmed 21 17 30 13.0 2.0 -15.0 7.0 3.0 8.0 13 7 32 
Arfa Gadamak 14 8 25 11.0 -5.6 -6.0 26.0 21.0 16.0 11 5 14 
Aklamoi 21 19 24 13.0 -4.0 -4.0 18.0 16.0 15.0 11 4 12 
Aross Elrimal 4 -3 18 10.0 -4.0 -11.0 7.0 -5.0 17.0 11 7 24 
Geshash 39 23 28 12.0 -8.0 -2.0 25.0 21.0 23.0 0 -3 11 
S. (32-2A)SG. 15 11 16 3.0 -10.0 -16.0 12.0 3.0 17.0 9 3 23 
S.34SG. 17 9 14 12.0 -8.0 -1.4 18.0 10.0 23.0 8 2 11 
S.42ANK 7 -2 22 19.0 1.4 1.4 14.0 0.8 26.0 7 4 16 
Kambal 31 21 26 21.0 5.6 -1.0 12.0 10.0 11.0 19 11 19 
Gadam Elhamam 10 7 18 20.0 4.2 -2.6 11.0 5.2 14.0 15 9 20 
Boda Red 2 -5 14 15.2 -2.6 -3.0 4.8 -7.2 16.0 13 7 32 
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Table 4. Average for each line, for mid-parent (MPH), better-parent (BPH) and standard (STH)  heterosis, produced from its eleven F1-hybrids for yield, 
some growth and quality traits of forage sorghum, across four environments (SHS07, SHW07, EDS08 and EDW08) – Sudan 
         Traits 
 
 
Female (lines) 
Fresh yield (t/ha) Dry yield(t/ha) Plant height (cm) 
Days to 50% 
flowering(days) 
No. of leaves per plant 
MPH BPH STH MPH BPH STH MPH BPH STH MPH BPH STH MPH BPH STH 
 Fremont 56 40 33 54 38 31 30 21 7 3 -5 -10 20 17 9 
 Colman 43 32 40 31 29 44 33 24 11 0 -2 -8 17 14 12 
 Atlas 47 35 45 45 33 49 31 22 9 -1 -3 -9 19 15 13 
 E.Sumac 48 36 42 46 30 40 33 25 7 -2 -3 -8 20 17 9 
B.Ribbon 47 35 41 49 33 44 25 16 10 -1 -2 -8 14 7 13 
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Table 4. (Cont.) 
          Traits  
 
 
Female (lines) 
No. of tillers per plant Stem diameter  (cm) Leaf area per plant 
(cm)
2
 
Leaf area index Leaf to shoot ratio(% 
MPH BPH STH MPH BPH STH MPH BPH STH MPH BPH STH MPH BPH STH 
Fremont 30 20 36 -3 -7 -28 37 27 30 60 45 38 -10 -13 -3 
Colman 37 26 47 -2 -5 -20 47 39 50 71 60 60 -11 -13 -4 
Atlas 58 23 48 0 -4 -22 43 35 49 64 53 63 -13 -16 -7 
E.Sumac 45 34 57 -2 -6 -24 45 37 41 72 57 50 -9 -12 -2 
Blue Ribbon 61 33 50 -8 -4 -21 37 28 47 54 41 58 -5 -8 -6 
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Table 4. (Cont.) 
                    
 
 
 
 
 
 
Traits 
  Female (lines) 
Crude protein (CP) (%) 
N-free ether extracts (E.E) 
(%) 
Ash content (ASH) (%) Crude fiber (CF) (%) 
MPH BPH STH MPH BPH STH MPH BPH STH MPH BPH STH 
Fremont 24 17 28 13 -10 -12 -2 -10 -3 17 8 16 
Colman 9 3 17 5 -3 -5 13 8 19 9 4 20 
Atlas 9 3 12 25 -1 -4 11 6 17 9 6 19 
E.Sumac 9 3 16 5 1 -1 16 8 19 9 4 22 
Blue Ribbon 30 23 34 20 0 -4 33 23 33 1 -3 9 
2
1
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Table 5. Mean squares from the combined analysis of variance due to (GCA) of testers (T) and lines (L) and specific combining ability (SCA) of F1-hybrids from 
yield, some growth and quality traits of forage sorghum, across four environments (SHS07, SHW07, EDS08 and EDW08)-Sudan.               
            
Parameter 
 
Source of  
variation   
Fresh 
yield 
(t/ha) 
Dry 
yield  
(t/ha) 
Plant 
height 
(cm) 
Days to 
50% 
flowering 
(days) 
No. of 
leaves 
per plant 
No. of 
tillers 
per plant 
Stem 
diamete
r  (cm) 
Leaf Area 
per 
plant 
(cm)2 
Leaf 
area 
index 
Leaf to 
shoot 
ratio 
(%) 
Crude 
protein 
(CP) (%) 
N- free 
ether 
extracts 
(E.E) 
(%) 
Ash 
content 
(ASH) 
(%) 
Crude 
fiber 
(CF) (%) 
Environment  (E) 
14306.9*
* 
890.5** 69419.4** 1333.5** 257.1** 238.9** 3.11** 16.7** 3124.1** 0.01 NS 4.2 NS 41.59** 1.27 NS 12.47 NS 
Lines (L) 251.3** 15.0** 1242.4** 63.2** 7.0** 3.7** 0.08** 51317.0** 66. 2** 0.01 NS 56.6** 0.45** 125.21** 262.24** 
Testers (T) 359.1** 22.0** 5984.1** 20.6** 2.5** 2.0** 0.06** 18317.0** 17.6** 0.02** 10.3** 0.47** 9.62** 272.23** 
Envir × lines (E.L) 114.5** 7.1** 639.2** 41.8** 3.3** 3.3** 0.01NS 7913.0** 13.5** 0.01* 3.4** 0.24** 0.12 NS 10.91 NS 
Envir × testers (E. 
T) 
1142.0** 8.4** 2042.6** 19.8** 2.9** 2.1** 0.04** 10609.0** 15.0** 0.01NS 1.4 NS 0.22** 0.37 NS 6.54 NS 
Lines × testers  
(L.T) 
45.9 NS 2.8 NS 664.7** 10.0 NS 1.5** 1.8** 0.02NS 5078.0** 6.3** 0.05 NS 10.3** 0.24** 7.85** 290.64** 
E × L × T  36.9
 NS 2.3 NS 681.0** 9.1* 1.7** 1.5** 0.02** 4353.0** 4.9** 0.01NS 1.2** 0.12** 0.54 NS 7.62 NS 
Residual 34.6 2.1 137.7 7.2 0.3 0.2 0.01 2501.0 2.7 0.05 1.7 0.03 1.35 15.22 
   *, ** Significant at P = 0.05 and P = 0.01, respectively ,    NS = non-significant  
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Table 6. Values of ( GCA) effects of the parental lines, five lines and 11 testers for yield, some growth and quality traits of forage sorghum, across  four 
environments (SHS07, SH W07, EDS08  and EDW08) - Sudan 
 
Parental lines 
 
Fresh 
yield 
(t/ha) 
Dry 
yield  
(t/ha) 
Plant 
height 
(cm) 
Days to 
50% 
flowering 
(days) 
No. of 
leaves 
per 
plant 
No. of 
tillers 
per 
plant 
Stem 
diamete
r 
(cm) 
Leaf 
area 
per 
plant 
(cm)
2
 
Leaf 
area 
index 
Leaf to 
shoot 
ratio 
(%) 
 
Crude 
protein 
(CP) 
(%) 
N- free 
ether 
extracts 
(E.E) 
(%) 
 
Ash 
content 
(ASH) 
(%) 
 
Crude 
fiber 
(CF) 
(%) 
Lines (females ) 
Fremont  -2.30 -0.5 -2.39 -1.1 -0.3 -0.20 -0.02 -32.10 -1.2 0.02 0.45 -0.10 -1.50 -0.25 
Colman -0.08 0.04 3.40 0.60 0.11 0.04 0.02 15.60 0.45 0.00 -0.29 0.00 0.16 0.69 
Atlas  1.60 0.30 -0.14 -0.22 0.2 -0.13 0.01 13.59 0.5 -0.01 -0.7 0.02 -0.02 0.39 
E. Sumac  0.58 0.15 -3.60 0.23 0.18 0.20 -0.02 -5.26 -0.18 0.00 -0.40 0.06 0.14 1.50 
Blue Ribbon  0.17 0.08 2.69 0.48 -0.18 0.09 0.02 8.20 0.35 -0.00 0.9 0.02 1.23 -2.30 
S.E ±  0.977 0.2570 3.752 0.462 0.191 0.162 0.014 9.358 0.339 0.011 0.1141 0.0153 0.1013 0.340 
Testers (males) 
Wad Ahmed  0.05 0.08 -8.50 -0.57 -0.4 0.19 -0.03 23.7 0.52 0.03 0.60 -0.14 -0.7 4.2 
Arfa Gadamak  -2.91 -0.72 -5.90 -1.00 -0.32 0.20 -0.33 -32.9 -1.2 0.03 0.25 0.02 -0.05 -0.60 
Aklamoi 2.40 0.58 21.50 0.90 0.13 -0.20 0.03 16.01 0.6 -0.01 0.19 0.01 -0.10 -1.25 
Aross Elrimal  -3.6 -0.9 -14.00 0.33 0.13 -0.10 0.03 -5.14 -0.12 -0.00 -0.20 -0.10 -0.01 1.85 
Geshash  -1.31 -0.27 -8.25 -0.42 -0.17 0.05 -0.02 -17.54 -0.62 0.01 0.48 0.07 0.46 -1.40 
S.(32 -2A)SG 0.65 0.13 5.95 0.48 0.18 0.20 -0.01 -16.64 -0.41 -0.01 -0.38 -0.20 -0.00 1.65 
S.34SG 2.15 0.58 9.30 0.63 0.30 -0.3 -0.01 4.01 0.25 0.01 -0.6 0.07 0.44 1.75 
S.42ANK  1.05 0.28 6.30 0.23 0.08 -0.00 -0.00 -5.54 -0.17 -0.00 0.05 0.10 0.70 -0.25 
Kambal 4.5 1.1 0.55 -0.47 0.13 0.03 0.01 9.86 0.25 -0.01 0.37 0.06 -0.45 0.50 
Gadam Elhamam  -1.01 -0.22 -3.05 0.28 -0.02 0.16 -0.03 5.11 0.33 -0.00 -0.27 0.03 -0.26 0.75 
Boda Red  -1.91 -0.62 -3.45 -0.37 -0.07 -0.23 0.028 19.11 0.50 -0.01 -0.51 0.04 -0.08 -3.7 
S.E ±  1.448 0.381 5.562 0.685 0.284 0.240 0.021 13.880 0.502 0.016 0.1693 0.023 0.1502 0.504 
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Table  7. The values of ( SCA) effects of the 55 F1- hybrids for yield, some growth and quality traits of forage sorghum, across four environments 
(SHS07, SH W07, EDS08 and EDW08)-Sudan 
No. Hybrids 
Fresh 
Yield 
(t/ha) 
Dry 
Yield 
(t/ha) 
Plant 
height 
(cm) 
Days to 
50% 
flowering 
(days) 
No. of 
Leaves 
per Plant 
 
No. of 
tillers per 
plant 
Stem 
diameter 
(cm) 
Leaf 
area per 
plant 
(cm)
2
 
Leaf 
area 
index 
Leaf to 
shoot 
ratio 
(%) 
17 Fremont x Wad Ahmed  -1.1 -0.4 -0.1 -0.6 0.2 0.1 0.02 -5.5 0.1 0.02 
18 Fremont x Arfa Gadamak -1.7 -0.1 19.1 0.1 0.6 -0.2 0.02 15.3 0.7 0.00 
19 Fremont x Aklamoi   -1.2 -0.2 1.1 0.2 -0.1 0.5 -0.01 47.2 1.4 0.02 
20 Fremont x Aross Elrimal 0.5 0.3 -8.3 1.7 -0.4 -0.3 0.03 -3.2 -0.3 0.01 
21  Geshash  Fremont x 2.2 0.7 4.4 -1.5 -0.1 0.1 -0.01 8.2 0.2 0.00 
22 Fremont x  S.(32 –2A)SG -0.5 -0.2 -10.5 -1.4 -0.4 -0.1 0.02 -4.2 -0.5 -0.01 
23 Fremont x S.34SG 0.5 0.1 -11.6 -0.1 -0.3 0.0 -0.03 -58.8 -2.3 0.02 
24 Fremont x S.42ANK 1.1 0.1 6.1 1.1 0.4 0.4 -0.01 15.5 1.1 -0.02 
25 Fremont x Kambal  -1.3 -0.2 -1.1 0.0 0.1 -0.2 0.02 -2.9 0.0 -0.05 
26 Fremont x Gadam Elhamam  -1.8 -0.9 -0.3 -0.7 -0.2 0.1 -0.04 -7.2 -0.5 -0.02 
27 Fremont x Boda Red  3.3 0.8 1.1 1.2 0.3 -0.1 -0.01 -4.7 0.0 0.01 
28 Colman x Wad Ahmed   -0.1 0.3 5.1 -0.8 -0.3 -0.5 0.03 12.9 0.1 0.04 
29 Colman x Arfa Gadamak  -0.9 -0.4 -14.5 -0.1 -0.4 0.3 -0.04 -6.8 -0.4 -0.06 
30 Colman x Aklamoi -2.2 -0.7 -1.2 -0.5 -0.1 -0.2 0.00 7.3 0.5 -0.02 
31 Colman x Aross Elrimal 1.8 0.7 -0.9 -0.7 0.4 -0.6 -0.01 -3.8 0.2 0.00 
32 Colman x Geshash 1.0 -0.4 -2.9 -0.2 0.2 0.3 -0.01 14.8 0.6 -0.01 
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Table  7. (Cont.) 
No. Hybrids 
Fresh 
Yield 
(t/ha) 
Dry 
Yield(t/h
a) 
Plant 
Height 
(cm) 
Days to 
50% 
flowerin
g(days) 
No. of 
Leaves 
per 
Plant 
No. of 
tillers 
per plant 
Stem 
Diameter 
(cm) 
Leaf 
area per 
plant 
(cm)
2
 
Leaf 
Area 
index 
Leaf to 
shootratio
(%) 
33 Colman x S.(32–2A)SG -0.9 0.0 5.4 1.4 0.9 0.4 0.03 2.2 0.6 0.03 
34 Colman x S.34SG 1.1 0.3 -1.2 0.8 0.0 -0.5 0.03 -23.7 0.7 -0.01 
35 Colman x S.42ANK 1.2 0.1 9.3 0.9 -0.5 0.3 0.00 27.1 0.3 0.00 
36 Colman x Kambal -0.7 -0.2 -1.7 -0.9 -0.1 0.0 -0.02 1.4 -0.1 0.02 
37 Colman x Gadam Elhamam 2.7 0.8 8.2 0.4 -0.2 0.4 -0.01 -11.8 -0.3 0.00 
38 Colman x Boda Red -1.1 -0.3 -5.9 -0.2 -0.1 0.7 0.00 -19.6 -0.6 0.01 
39 Atlas x  Wad Ahmed   1.0 0.2 -3.1 0.5 0.4 0.1 -0.01 2.6 0.3 0.00 
40 Atlas x Arfa Gadamak -1.1 -0.5 -0.2 0.0 -0.2 -0.2 0.02 2.1 -0.4 0.03 
41 Atlas x A Klamoi -0.6 0.0 8.4 0.6 -0.2 0.2 -0.01 -20.0 -0.9 -0.03 
42 Atlas x  Aross Elrimal 1.2 0.2 7.2 -0.9 -0.2 0.3 0.01 11.2 0.2 -0.01 
43 Geshash Atlas x   -0.7 0.1 -4.1 1.9 0.4 0.2 0.03 -13.4 -0.2 -0.02 
44 Atlas x S.(32–2A)SG 2.4 0.7 0.7 -0.3 -0.2 -0.4 -0.05 -9.1 -0.2 0.02 
45 Atlas x  S.34SG -0.9 -0.5 0.1 -0.2 0.1 0.5 -0.02 38.3 1.5 -0.02 
46 S.42ANK Atlas x  -1.8 -0.2 -7.1 -0.5 -0.1 -0.1 -0.01 -16.7 -0.7 0.04 
47 Atlas x  Kambal   -1.2 -0.5 -1.1 -0.8 0.1 -0.1 -0.03 -17.6 -0.4 -0.02 
48 Atlas x Gadam Elhamam 1.3 0.3 -6.3 -0.1 0.0 -0.2 -0.02 -10.3 0.2 0.01 
49 Atlas x  Boda Red 0.2 0.2 5.4 -0.2 -0.2 -0.3 0.04 37.2 0.6 -0.01 
50 E. Sumac x Wad Ahmed   0.0 -0.1 -2.9 1.1 -0.2 0.1 0.01 7.0 -0.2 -0.04 
51 E.Sumac x Arfa Gadamak 2.7 0.7 4.3 1.0 -0.1 0.2 0.02 -18.2 -0.4 0.05 
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Table  7. (Cont.) 
No. Hybrids 
Fresh 
Yield 
(t/ha) 
Dry 
Yield 
(t/ha) 
Plant 
height 
(cm) 
Days to 
50% 
flowering
(days) 
No. of 
Leaves 
per Plant 
No. of 
tillers per 
plant 
Stem 
Diamete
r (cm) 
Leaf 
area per 
plant 
(cm)
2
 
Leaf 
area 
index 
Leaf to 
shoot 
ratio 
(%) 
52 E . Sumac x Aklamoi  4.7 1.2 12.2 0.1 -0.3 -0.4 -0.02 -22.9 -0.9 0.01 
53 E . Sumac x Aross Elrimal -5.3 -1.4 5.6 -1.1 -0.3 0.6 -0.03 6.0 0.1 -0.03 
54  Geshash E . Sumac x -0.6 -0.5 5.4 0.4 -0.5 0.1 0.03 -5.8 -0.6 0.02 
55 E.Sumac x  S.(32–2A)SG -0.3 -0.4 6.7 0.8 -0.1 0.1 0.04 18.5 0.6 -0.02 
56 E . Sumac x S.34SG 0.6 0.2 -2.7 -0.9 0.5 0.5 -0.04 2.1 0.9 -0.01 
57 E . Sumac x S.42ANK -1.7 -0.3 -1.9 -0.2 0.5 -1.0 -0.02 -7.6 0.1 0.00 
58 E . Sumac x Kambal  2.6 0.7 4.1 -0.3 0.0 -0.3 -0.01 6.7 0.0 0.02 
59 E .Sumac x Gadam Elhamam  -1.9 -0.5 -4.6 0.0 0.1 0.1 0.03 17.5 0.4 0.03 
60 E . Sumac x  Boda Red  0.5 0.1 -1.9 -0.9 0.2 0.1 -0.02 -7.2 0.0 -0.02 
61 Blue Ribbon x Wad Ahmed   0.2 0.0 0.9 -0.2 -0.1 0.3 -0.05 -3.0 -0.4 -0.03 
62 Blue Ribbon x Arfa Gadamak  0.9 0.3 -8.7 -1.0 0.1 0.0 -0.02 11.8 0.4 -0.03 
63 Blue Ribbon x Aklamoi -0.7 -0.3 3.8 -0.4 0.6 0.2 0.03 -11.6 0.0 0.01 
64 Blue Ribbon x Aross Elrimal 1.8 0.2 -3.6 0.9 0.4 0.0 -0.01 -10.2 -0.2 0.03 
65 Blue Ribbon x Geshash 0.0 0.1 -2.9 -0.6 -0.1 0.1 -0.03 -3.8 -0.1 0.02 
66 Blue Ribbon x S.(32-2A)SG -0.7 -0.1 -2.3 -0.5 -0.2 0.1 -0.04 -7.5 -0.5 -0.02 
67 Blue Ribbon x S.34SG -0.2 0.0 15.3 0.4 -0.3 -0.5 0.01 24.2 0.7 0.02 
68 Blue Ribbon x S.42ANK 1.2 0.3 -6.4 -1.2 -0.3 0.3 0.03 -18.3 -0.8 -0.02 
69 Blue Ribbon x Kamabal 0.5 0.2 -0.2 2.0 -0.1 0.5 0.04 12.8 0.6 0.02 
70 Blue Ribbon x Gadam Elhamam  -0.3 0.3 2.9 0.5 0.3 -0.4 0.05 11.8 0.3 -0.02 
71 Blue Ribbon x Boda Red -2.9 -0.8 1.3 0.1 -0.2 -0.4 -0.02 -5.7 0.0 0.01 
Mean  0.1 0.0 0.4 61.0 12.6 2.6 0.91 342.4 10.4 0.43 
C.V%  10.9 11.3 8.3 3.6 7.1 29.1 7.19 12.8 15.3 11.53 
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Table 7. (Cont.)  
No. Hybrids 
Crude protein 
(CP) (%) 
N- free ether extracts 
(E.E) (%) 
Ash content 
(ASH) (%) 
Crude fiber     
(CF) (%) 
17 Fremont x Wad Ahmed   1.60 -0.30 0.18 5.65 
18 Fremont x Arfa Gadamak -0.32 -0.09 0.67 3.90 
19 Fremont x AKlamoi  -1.06 0.10 -0.90 -7.0 
20 Fremont x Aross Elrimal 0.77 -0.13 -0.41 4.70 
21  Geshash  Fremont x 0.33 0.10 -0.09 -0.81 
22 Fremont x  S.(32– 2A)SG -1.21 0.14 -0.24 4.65 
23 Fremont x S.34SG 0.41 0.11 -0.55 -1.96 
24 Fremont x S.42ANK -0.59 0.00 0.54 -5.46 
25 Fremont x Kambal  -1.12 -0.11 0.92 -1.21 
26 Fremont x Gadam Elhamam  1.15 0.22 -0.77 -2.71 
27 Fremont x Boda Red  0.06 -0.02 0.56 0.20 
28 Colman x Wad Ahmed   -1.03 -0.06 -1.40 -4.79 
29 Colman x Arfa Gadamak  1.13 0.30 -0.04 -1.29 
30 Colman x Aklamoi 1.27 0.07 0.52 0.36 
31 Colman x Aross Elrimal 0.94 -0.15 0.57 6.51 
32 Colman x Geshash -1.00 0.04 0.07 0.01 
33 Colman x  S.(32–2A)SG 0.26 -0.04 -1.03 0.96 
34 Colman x S.34SG 0.20 -0.04 0.98 -1.89 
35 Colman x S.42ANK -0.85 -0.03 0.14 1.36 
36 Colman x Kambal -0.26 0.14 -0.41 -1.89 
37 Colman x Gadam Elhamam -1.24 -0.17 1.40 0.61 
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Table 7. (Cont.)  
No. Hybrids 
Crude protein 
(CP) (%) 
N- free ether 
extracts (E.E) (%) 
Ash content (ASH) 
(%) 
Crude fiber (CF) 
(%) 
38 Colman x Boda Red 0.58 -0.13 -0.78 0.01 
39 Atlas x  Wad Ahmed   0.28 0.10 1.11 -5.49 
40 Atlas x Arfa Gadamak 1.12 -0.02 -0.05 -0.49 
41 Atlas x AKlamoi 0.14 -0.18 0.63 1.16 
42 Atlas x  Aross Elrimal -1.05 0.13 1.14 -2.19 
43 Geshash Atlas x   0.39 0.00 -0.16 2.06 
44 Atlas x S.(32– 2A)SG 1.33 -0.27 -0.63 -0.99 
45 Atlas x  S.34SG -0.59 0.03 -1.31 1.66 
46 S.42ANK Atlas x  0.00 0.06 -1.06 7.00 
47 Atlas x  Kambal    0.21 -0.01 -0.06 -2.09 
48 Atlas x  Gadam Elhamam -0.96 -0.19 0.00 -2.59 
49 Atlas x  Boda Red -0.08 0.19 0.38 2.06 
50 E.Sumac x Wad Ahmed   -0.10 0.23 0.34 3.61 
51 E.Sumac x Arfa Gadamak -1.8 -0.07 -1.03 0.90 
52 E.Sumac x Aklamoi  -0.46 0.01 0.72 -3.21 
53 E.Sumac x Aross Elrimal 0.16 0.08 -0.61 0.95 
54  Geshash E.Sumac x 0.65 -0.12 -0.58 0.95 
55  E.Sumac x  S.(32– 2A)SG 0.51 0.04 -1.04 3.65 
56 E.Sumac x S.34SG 0.47 -0.10 0.64 -2.21 
57 E.Sumac x S.42ANK -0.19 -0.11 -0.23 3.55 
58 E.Sumac x Kambal  0.27 -0.05 -0.62 6.05 
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Table 7. (Cont.)  
No. Hybrids 
Crude protein 
(CP) (%) 
N- free ether extracts 
(E.E) (%) 
Ash content (ASH) 
(%) 
Crude fiber (CF) (%) 
59 E.Sumac x Gadam Elhamam  0.59 0.04 -0.26 -4.25 
60 E.Sumac x  Boda Red  -0.14 -0.06 0.59 -2.81 
61 Blue Ribbon x Wad Ahmed   -0.10 0.23 0.34 3.61 
62 Blue Ribbon x Arfa Gadamak  -1.75 -0.07 -1.03 0.90 
63 Blue Ribbon x Aklamoi -0.46 0.01 0.72 -3.21 
64 Blue Ribbon x Aross Elrimal 0.16 0.08 -0.61 0.95 
65 Blue Ribbon x Geshash 0.65 -0.12 -0.58 0.95 
66 Blue Ribbon x S.(32-2A)SG 0.51 0.04 -1.04 3.65 
67 Blue Ribbon x S.34SG 0.47 -0.10 0.64 -2.21 
68 Blue Ribbon x S.42ANK -0.19 -0.11 -0.23 3.55 
69 Blue Ribbon x Kamabal 0.27 -0.05 -0.62 6.05 
70 Blue Ribbon x Gadam Elhamam  0.59 0.04 -0.26 -4.25 
71 Blue Ribbon x Boda Red -0.14 -0.06 0.59 -2.81 
 Mean  8.62 1.41 8.88 51.95 
 SE± 0.38 0.05 0.34 1.13 
 C.V% 7.81 15.46 4.49 4.97 
 LSD (5%) 1.05 0.14 0.93 3.13 
 
2
9 
U. of K.  Graduate College and Scientific Research.  The 5th Annual Conference - Agricultural and Veterinary Research - February 2014, Khartoum, 
Sudan, Conference Proceedings – Volume One 
 
29 
 
     Table 8. The percentage contribution of GCA of lines and testers and the SCA to total 
variation for some yield, growth and quality traits of forage sorghum, averaged over four 
environments (SHS07, SHW07, EDS08 and EDW08)-Sudan 
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Traits 
GCA 
(Lines) 
GCA 
(Testers) 
SCA 
(lines×testers) 
Fresh yield (t/ha) 16.39 54.92 28.69 
Dry yield (t/ha) 12.45 53.0 34.55 
Plant height (cm) 5.41 65.50 29.09 
Days to 50% flowering (days) 27.44 23.61 48.95 
No. of leaves per plant 24.00 25.11 50.89 
No. of tillers per plant 14.28 18.88 66.84 
Stem diameter  (cm) 18.55 35.47 45.98 
Leaf area per plant (cm)
2
 34.69 30.93 34.38 
Leaf area index 37.72 25.99 36.29 
Leaf to shoot ratio (%) 10.98 29.28 59.74 
Crude protein (CP) (%) 30.56 13.84 55.51 
N- free ether extracts (E.E) (%) 11.19 29.56 59.25 
Ash content (ASH) (%) 54.98 10.56 34.46 
Crude fiber (CF) (%) 7.31 17.60 75.09 
